Reasonable structure design and component selection are crucial to electrochemical performance of supercapacitor electrode materials. Sodium alginate (SA), with a novel structure which can immobilize multivalent metal cations, was used to coordinate with Fe 3+ to fabricate a carbon and Fe 3 O 4 composite by an easy sol-gel method. Due to the chelation effect between SA and Fe 3+ , the carbon composite was constructed into a two-dimensional sheet-like structure, and the Fe 3 O 4 particles were nanosize and homogenously distributed on the surface of the carbon nanosheet. As an electrode material for supercapacitors, the composite electrode showed a high specific capacitance of 550 F g À1 at 1 A g À1 in the potential range from À1.1 to 0 V, and excellent cycling stability of 89% retention after 2000 cycles.
Introduction
Novel energy storage sources are urgently needed. Numerous efforts have been made towards the development of energy storage and conversion devices such as lithium-ion batteries, fuel cells and supercapacitors. Among all kinds of energy storage and conversion devices, supercapacitors with fast charge/discharge rates, high power density and long cycle life are needed for consumer electronics, energy management, hybrid vehicles and large aircra. [1] [2] [3] Energy storage mechanisms of electrode materials can be classied either as electrodouble layer capacitors (EDLC) or as pseudo-capacitors. The capacitance of the former results from the electro-double layer that surrounds the electrode surface, which enables the EDLC to display high power density and stability, owing to the nonfaradic process. Pseudo-capacitance can be attributed to the fast-redox reaction that occurs between the electrode and electrolyte. 4, 5 Carbonaceous materials are completely used materials for electrodes because they have various morphologies, excellent electronic conductivity and physicochemical stability. [6] [7] [8] Unfortunately, the ability to store energy is far less than batteries. Extensive strategies have been devised to enhance the electrochemical performance of carbonaceous materials with respect to specic areas and surface properties. However, the limited area specic capacitance of 15-50 mF cm À2 is not enough for high energy applications.
9,10
Transitional metal oxides are another common electrode material. Contrary to carbonaceous materials, their capacitance results from a faradic process which enables the storage of higher energy than carbon-based electrode materials. As an example, RuO has been shown to be an ideal electrode material because of its high energy density and excellent conductivity. 11, 12 However, the high price of electrode made of RuO is a barrier to their commercialization. Other transitional metals, such as Mn, Co, Ni and Fe have also been employed as electrode materials. [13] [14] [15] [16] Iron oxides are found to be a promising material for supercapacitor electrode due to its high theoretical capacitance, wide operating potential window, low cost and natural abundance. [17] [18] [19] [20] [21] However, there are still several defects that can't be ignored for practical application, which are poor electric conductivity, physiochemical strain and decient electron transfer. Though efforts have been made towards improving the above shortcomings in terms of surface morphology, surface area, and crystallinity particle distribution, the problems mentioned above are still not well solved, resulting in unsatised electrochemical performance.
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To address problems of both iron oxide and carbonaceous materials for electrode systems, a possible strategy is to combine them, making a hybrid structure. In such a hybrid composites, iron oxides can provide energy density by reversible fast faradic redox processes, where the carbonaceous materials serve as substrate for supporting iron oxides, with their porous structure providing channels for charges transporting. In addition, power density and rate ability, typical in large current density systems, in which iron oxides are at a disadvantage, can benet from higher electronic conductivity of carbonaceous materials. Carbon materials and iron oxide hybrids, which integrate the advantages and mitigates the demerits of both constituent, can produce a synergetic effect. Conventional methods used to fabricate hybrid composites include hydrothermal decomposition, thermal decomposition, chemical precipitation and co-precipitation. Most methods used to deposit iron oxides on carbon supports don't result in the deposition of well-anchored particles, which results in agglomeration, leaching and coarsening of particles during supercapacitors operation. Lots of work have been done to deal with the problem. A binary composite with well dispersed Fe 3 O 4 inserted on the surface of carbon nanotube, by using the hydrothermal method, was accomplished; high specic capacitance and excellent cycling stability compared with pure Fe 3 O 4 were reported.
28 Electrophoretic deposition was used to synthesize reduced graphene oxide-Fe 3 O 4 (RGO-Fe 3 O 4 ) nanocomposite, a system where Fe 3 O 4 nanoparticles with 20-50 nm in diameter were uniformly formed on the surface of RGO; high specic capacitance of 236 F g À1 was obtained at 1 A g À1 , retaining 97% of the initial capacitance aer 500 cycles was reported.
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Conventional methods to fabricate iron oxides/carbon composites were based on the already formed carbonaceous materials, followed by additional in situ growth or deposition of iron oxides. In such processes, carbon bulks, formed prior to metal particles, restricts solid attachment between two species, leading to poor durability, which is caused by the agglomeration of iron oxides nanoparticles during chargingdischarging processes. Recently, there have been some reports of successfully synthesis composites with desired attribute, however most methods are complex synthesis and expensive. 29, 30 Therefore, a practical method to fabricate a composite with reasonable nanostructure and strong connection between carbonaceous materials and iron oxides is desirable.
In this paper, a two-dimensional Fe 3 O 4 /carbon nanosheet composite with a novel zipping assembly method was designed and fabricated. Sodium alginate (SA), a nature polysaccharide extracted from brown algae, was selected as the carbon precursor. 31, 32 The multivalent ferrous ions can coordinate with specic oxygen groups of SA and be conned within an "egg-box" structure;
31 iron oxides can be, therefore, restrained in small size and provide sufficient active sits. SA were constructed into two-dimensional carbon nanosheets through a zipping process, and Numerous occulent insoluble hydrogels were immediately obtained. Aer stirring for 3 h, the obtained gels were collected by vacuum ltration, washed with distilled water and absolute ethanol and dried at 60 C in vacuum for 10 h. Subsequently the dried gels were carbonized in a tubular furnace under an argon ow of 100 mL min À1 at 600 C for 2 h. As controls, the same procedure was repeated solely with SA.
Characterization
Fourier transform infrared spectroscopy (FT-IR, Nicolet iS10) was used to determine the functional group of the samples. Thermos gravimetric-mass spectrometry (TG-MS, QMS 403 C Aëolos®) was performed at a heating rate of 10 C min À1 under an argon ow to determine the pyrolysis temperature and the possible reaction of ferric ions in the process of carbonization. Raman spectra was recorded on a DXR Raman spectrometer. The nanostructure of the composite was identied by scanning electron microscopy (SEM, SU8010) and high-resolution transmission electron microscope (HRTEM, JEOL JEM-2100F). The crystalline phase of the samples was examined by X-ray diffraction (XRD, D8D-Focus). X-ray photoelectron spectroscopy (XPS, AXIS-UltraDLD) measurements were carried out to analysis the surface atomic content.
Electrochemical measurements
Electrochemical testing was conducted in a typical threeelectrode system with a Pt wire as counter electrode and a Hg/ HgO reference electrode in 6 M KOH electrolyte. The overall electrochemical measurements were conducted on an electrochemical station (VMP3, Bio-Logic). The well mixed slurry containing 10 wt% polytetrauoroethylene (PTFE), 10 wt% acetylene black and 80 wt% samples powders was pressed on a stainless steel 10 MPa for 1 min. The thickness of electrode material was 100 mm, the electrode area was 1 cm 2 , and the mass loadings of active materials were around 4 mg. The voltage window for aqueous electrolyte was set to be À1.2 to 0 V. The galvanostatic charge-discharge curves were performed under a current density range from 1 to 5 A g À1 . The scan rate was in the range of 5 to 50 mV s À1 . Electrochemical impedance spectroscope was collected with frequencies ranging from 100 kHz to 10 mHz.
Results and discussion
The process of the synthesis of SA/Fe 3 O 4 is shown in Fig. 1 ions were immobilized in a constant position of the nanostructure, which prevented ferric ions from agglomerating during the Fe 3 O 4 formation process, leading to homogeneous dispersion of Fe 3 O 4 nanoparticles. The effect of chelation reinforced the attachment among macromolecule chains of brous SA, and generated inexible gel straps and twodimensional sheet like structure aer carbonization. SA reduced the production of small size Fe 3 O 4 nanoparticles; chains-like macromolecules were interweaved into a twodimensional nanosheet, avoiding particles agglomeration. Besides, most reported fabrication methods of the hybrid composite, two species were not formed simultaneously, couldn't form the tight attachment, which hampered its electrochemical performance to some extent. In this fabrication processes, iron oxides were well immersed in SA molecular structure, and resulted in a delicate combination. The twodimensional sheet-like nanostructure of SA can facilitate unimpeded ions transferring, enabling Fe 3 O 4 nanoparticles to contain sufficient active sites for faradic redox reactions. The fabrication process, with no dispersing agents, is environment friendly, the non-templated synthesis method can economically be deployed at large scale. which is caused by a valent bonding between Fe 3+ and sodium alginate from another plane. The result also demonstrates the formation of the two-dimensional structure. Thermogravimetric-mass spectrometry (TG-MS) was used to demonstrate the process of the formation of both carbon nanosheets and Fe 3 O 4 . To further evaluate the impact of Fe 3+ addition to in the process of carbonization, pure SA was used as the control. As shown in Fig. 2b, weight- The last range oxygen evolution in forms of CO appeared at 650 C to 700 C. To maximize the oxygen group content, which is important for electrochemical performance in terms of both wettability and pseudo-capacitance, SA/Fe 3 O 4 composite were prepared at 600 C. 36 2D and 3S peaks reveal the presence of tremendous disorder in the samples. The intensity ratio of 3S/2D in SA/Fe 3 O 4 decreases signicantly compared with SA, indicating a reduced defects concentration, which could be resulted from the particular two-dimensional structure, leading to higher electron mobility and excellent conductivity.
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XRD was performed to determine the crystalline structure and composition of SA/Fe 3 O 4 nanocomposites. As shown in Fig. 3a, diffraction 35 XPS was further employed to characterize the oxidation particles. Fig. 3b shows the X-ray photoelectron spectra (XPS) in the Fe 2p region for the SA/Fe 3 Fig. 3d . There are only Fe 3 O 4 peak and carbon oxygen groups, indicating pure crystalline phase of FeO, which is agreeing well with XRD result.
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The morphology of the composite was characterized by SEM and TEM. Fig. 4a shows SEM image of pure SA, amorphous carbon blocks with various size can be observed. Owing to the one-step carbonization method without any activating process, it can be observed that the surface of the carbon blocks is extremely smooth, indicating that the SA derived carbon material would not contain sufficient area to generate capacitance. As shown in Fig. 4b and c, SA/Fe 3 O 4 composite presents a two-dimensional nanosheet nanostructure with nanosized thickness, which is totally different from the pure SA. Loose feature can be attributed to the composite's contract caused by pyrolysis at high temperature. From the TEM image (Fig. 4d) , a large amount of Fe 3 O 4 nanoparticles of 5 to 10 nm are homogeneously distributed in the nanosheet. The cohesive brous structure at the edge of the composite can be observed at a high magnication, which further conrmed the synthetic process mentioned before. HRTEM image of the sample is shown in Fig. 4f ; the lattice fringe spacing was measured to be 0.25 nm, which corresponded to the (311) d-spacing of Fe 3 O 4 species, agreeing with the XRD and XPS results.
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The chemical composition of the composite was further determined by EDX mapping (Fig. 4e) , illustrating the homogeneous distribution of Fe, O and C and convincing the delicate integration of both materials. These results showed that Fe 3 O 4 nanoparticles were separated by carbon materials without any agglomeration. SA molecules were templated into twodimensional architecture by chelation with Fe 3+ . Accordingly, iron atoms were anchored on the carbon nanosheets at an atomic scale and Fe 3 O 4 nanoparticles were well integrated into the carbon nanosheets. The two-dimensional structure could expose tremendous active sits of Fe 3 O 4 to generate high specic capacitance, and seamless connection could effectively prevent Fe 3 O 4 nanoparticles from leakage during the charging and discharging process, resulting in stable electrochemical performance. The capacitive performance of SA and SA/Fe 3 O 4 composite were evaluated by cyclic voltammetry (CV), galvanostatic charge/ discharge (GCD) and electrochemical impedance spectroscopy (EIS) measurements in 6 M KOH aqueous electrolyte. Fig. 5a shows typical CV curves of SA and SA/Fe 3 O 4 composite samples at a scan rate of 5 mV s À1 . The SA sample presents a quasirectangular CV curve, which can be ascribed to EDLC. Different from the pure carbon material, two redox peaks are identied at the potential of approximately À0.5 V and À1.1 V, implying the presence of pseudocapacitive materials. The pair of cathodic and anodic peaks corresponded well with the reversible reaction between Fe 3+ and Fe 2+ . 42 Furthermore, owing to the fact that the area of CV curves is proportional to specic capacitance, the specic capacitance of SA/Fe 3 O 4 composite was higher than that of pure SA derived carbon materials.
43 CV curves of SA at different scan rate are presented in Fig. 5b . With increasing scan rates, the shapes of CV curves also gradually changed. Notably, the shape of curve became almost a declining rectangular when scan rate reached 50 mV s À1 . CV curves of SA/ Fe 3 O 4 sample, at a range of scan rate from 5 to 50 mV s À1 , are shown in Fig. 5c . The CV curves retained similar shapes at different scan rates, which indicated fast charge transfer kinetics, owing to novel two-dimensional sheet-like structure. Galvanostatic charge/discharge (GCD) measurements were also conducted at current densities from 1 A g À1 to 10 A g À1 .
GCD curves of SA and SA/Fe 3 O 4 samples are represented in Fig. 5d and e. The discharging time is directly related to the specic capacitance at the same current density. The discharging time of SA/Fe 3 O 4 sample, is longer than that of SA, indicating higher specic capacitance of SA/Fe 3 O 4 and agreeing with the results of CV curves. The specic capacitances were calculated by GCD curves in the potential range of À1.1 V to 0 V at various current density, according to the following equation:
where C s (F g À1 ) is the specic capacitance, I (A) represents the current, and m (g), DV (V) and Dt (s) designate mass of active materials, potential drop during discharge and total discharge time, respectively. According to the GCD curves, the relationship between specic capacitance and the current density is illustrated in Fig. 5f . The capacitance of SA sample at 1 A g À1 is 120.6 F g À1 , while it could only retain 54.3 F g À1 when the current density increased to 10 A g À1 , which is mainly ascribed Fig. 5g , where an arc is observed in high frequency region while an inclined line is seen in low frequency region. The intersection of the Nyquist plot at high frequency on the real axis represents the equivalent series resistance (ESR), which is related to the electrolyte solution resistance, the intrinsic resistance of active material and the contact resistance at the electrode-electrolyte interface. The arc is usually attributed to charge transfer resistance, whose value is associated with the diameter of the semi-circle. The inclined part in the low frequency represents the ion diffusion in the electrode pores. 44 It is observed that SA/Fe 3 O 4 sample shows a more distinct semi-circle in high frequency, implying a higher charge transfer resistance developed at the interface of electrode and electrolyte. This result can be attributed to the introducing of Fe 3 O 4 with low electric conductivity. However, SA/Fe 3 O 4 composite shows a relatively higher phase angle in low frequency region, indicating a smaller ion diffusion resistance. These results clearly indicate that the introducing of Fe 3 O 4 nanoparticles hampers the conductivity of the carbon frame to some extent, but the transformation in architecture enormously enhances its electrochemical performance with regards to specic capacitance, rate ability and cycling performance.
Cycling performance is a vital parameter in order to evaluate the practical application of SA/Fe 3 O 4 as electrode material. An endurance test was conducted at 2 A g À1 and presented in It is well known that most metal oxides/carbon composite lack mechanical expansion performance during ion insertion and desertion processes, resulting in poor stability during long cycle test. Thus, the excellent cycling stability of SA/Fe 3 O 4 system illustrates superiority of the unique structure compared with other architectures synthesized by conventional methods. In all, the attractive electrochemical performance of SA/ Fe 3 O 4 of large specic capacitance, notable rate performance and excellent cycling performance is ascribed to the novel structure that Fe 3 O 4 particles with nanosized provide numerous active sites to store energy, while the constructed carbon nanosheet considerably promoted the diffusion of electrolyte ions.
Conclusion
A two-dimensional SA/Fe 3 O 4 composite was synthesized through a simple method with SA and FeCl 3 $6H 2 O as precursors. As a kind of marine resources with abundant reserve, SA possess a unique structure which can coordinate with Fe 3+ to produce a novel nanocomposite with Fe 3 O 4 nanoparticles uniformly anchored on the surface of carbon nanosheets with strong attachment strength. Thus supercapacitor electrode material showed a high specic capacitance of 550 F g À1 at 1 A g À1 in 6 M KOH electrolyte, and 86% specic capacitance retention rate aer 2000 cycles. The enhanced performance was attributed to the self-assembly two-dimensional architecture that provided numerous active sites increasing its pseudocapacitive properties, open scaffold facilitating ion accessibility and rm attachment between two species for cycle stability. Fe 3 O 4 is relatively inexpensive, in pact cheaper than other transitional metal, such as Mn, Co, Ni, while SA is derived from abundant marine resources. The simple sol-gel method is scalable. The novel structure and the simple fabrication method described in this work provides a promising avenue for further application in supercapacitor electrode materials.
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